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INTRODUCTION 
Soybean mosaic is a tietioas, widespread virus disease of soybeans 
(Glycine max (L.) Herr.) (5, o, 10, 11, 17, 24). It is found wherever 
soybeans are grown (14, 17, 20, 24, 34). A disease similar to soybean 
mosaic was noticed by Dunleavy et al (8) in seedlots of Hood soybeans 
planted at the Agronomy Experimental Farm in the Fall of 1965. The disease 
occurred in all the Kood plants. Similar symptoms were observed on CNS, 
Hardee, Lee, Lindarin, Mandarin (Ottawa), Polysoy, and Traverse, but were 
not as distinct as in Hood. Hence, this study was initiated to make a de­
tailed investigation of the cause of extensive mosaic of soybeans both in 
the laboratory and under field conditions. 
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LITERATURE REVIEW 
soybean mosaic was probably inSïdduccà SO the Uûltêu States with the -
first soybean plant introductions from the Orient (21). Clinton (5) ob­
served the disease on soybeans at Mount Carmel, Connecticut in 1915. The 
varieties infected were Medium Green, Wilson, Swan, Kentucky, Wing's Mikado 
and Rollybrook. 
Thç viryç nature of soybean mosaic was established by Gardner and 
Kendrick (11) in 1921 and three years later (15) they reported the trans-
missability of the virus through the seeds for several generations. They 
observed a 30-75 per cent yield reduction with soybean mosaic. 
The physical properties of soybean mosaic virus (SMV) were studied by 
Heinze and Rohler (12) in Germany in 1940. They found that the thermal 
inactivation point was 62*C; dilution end poi&t 1:10,000 and longevity in 
vitro 15 days at 6*0, 120 days when sap was kept at freezing. 
The first detailed study on the symptoms of soybean mosaic virus was 
reported by Conover (6) in 1948 in Illinois. He described the symptoms of 
the disease on several varieties of soybeans growing under different en­
vironmental conditions and stated that temperature affected the appearance 
of symptoms. He also reported that the disease was more severe at 18.5"c, 
was almost masked at 29.5*C, and that soybean varieties reacted differently. 
According to him, soybean varieties were found not to react as groups 
according to areas of adaptation, but rather as individual varieties. 
The properties of soybean mosaic virus, the common bean mosaic virus, 
and the yellow bean mosaic virus were conçared by Quantz (24) in Germany. 
He found that the three viruses were flexuous rods and morphologically 
3 
indistinguishable. According to him they were serologically related. 
However, he was unable to detect any eross protection. 
Plant virus particles in the form of flexuous rods were classified by 
Brandes and Wetter (4) into six groups based on particle morphology. They 
classed soybean mosaic virus in the potato virus y group which included 
viruses with particles ranging from 720-770 x 15 mp. 
Gzlvcr (10) purified soyboan mosaic virus for the production of spe­
cific antiserum for serological reactions, but had problems with aggrega­
tion of the virus particles at the initial extraction of the virus. The 
soybean mosaic virus particles that he obtained were flexuous rods, 650-
725 mji in length. He suggested the determination of density and sedimen­
tation coefficients, electrophoretic mobility, and serological studies, 
would help in the identification of soybean mosaic virus. 
Ross (28) reported another method of purification which minimized the 
aggregation of particles by using 0.5 M sodium citrate in conjunction with 
mercaptoethanol during the early stage of purification. The soybean mosaic 
virus particle he obtained had a range in size of 740+10 mp. 
Koshimizu and lizuka (17) made extensive studies of soybean virus 
diseases in Japan in 1963. They reported globular intracellular inclusions 
in the epidermal cells of soybean mosaic virus-infected soybeans. They 
suggested that the presence of these inclusions was a diagnostic character­
istic of soybean mosaic virus infection in soybeans. 
Walters (33) reported a virus complex in soybeans in Arkansas in 1958. 
By the use of differential hosts and by a study of physical properties, he 
found four viruses occurring naturally in soybeans, namely soybean mosaic 
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virus, bean pod mottle virus, yellow stipple virus, and an unidentified 
virus. 
Ross (25) also found soybean mosaic virus and bean pod mottle virus 
coinfecting soybeans in North Carolina and Virginia. Soybean seedlings 
inoculated with either soybean mosaic virus strain and bean pod mottle 
virus developed severe symptoms, and synergistic yield reductions occurred 
(up to SO per cent) when the two were inoculated simultaneously on soybeans 
(29). 
Amott and Smith (1) found an unidentified virus infecting wild sun­
flowers that formed pinwheel inclusions in the cytoplasm of the host. The 
inclusions were composed of 9 to 12 septa, either single or compound, radi­
ating out from a central cylinder. The septa did not have a unit membrane 
structure. Amott and Smith believed that the inclusions were not composed 
of virus particles, although they might consist of viral protein. 
Krass and Ford (18) also reported that "numerous pinwheel shaped 
structures, in association with many small vesicles, were found in the 
cytoplasm of maize dwarf mosaic virus- and sugarcane mosaic virus- infected 
cells". Neither virus was found within cellular organelles. These authors 
believed that these viruses moved through plasmodesmata and sieve elements 
to infect surrounding cells. 
Purcifull and Edwardson (22) reported that watermelon mosaic virus 
formed cylindrical and tubular inclusions in infected pumpkin leaves, which 
were not found in comparable non-infected leaves. Some of the inclusions 
were present in dip preparations. By shadowing and negative staining tech­
niques they showed that the inclusions consisted of curved plates, with 
long rods, corresponding to the size of the virus, running through them. 
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Purcifull and Shepherd (23) also reported that western celery mosaic 
virus ya-s a rod about 760 mu long, transmissible mechanically and also by 
aphids. Electron microscopic examination of infected materials revealed 
the presence of pinwheel and tubular inclusions within the cytoplasm. 
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MATERIALS AND METHODS 
Virus sources and test plants Three soybean mosaic virus isolates, 
Mississippi (M), North Carolina (NC), Ottumwa (0), were used and also one 
isolate of bean pod mottle virus. A pure culture of isolate M was obtained 
from a single plant developed from virus-infected soybean seed of the va­
riety Hood. Isolate NC, an authenticated isolate of soybean mosaic virus, 
was supplied by Dr. J..P. Ross of the University of North Carolina, Raleigh. 
The 0 isolate was obtained from a mixture of soybean mosaic virus and bean 
pod mottle virus collected from a soybean breeding nursery near Ottumwa, 
Iowa. Bean pod settle virus was also obtained from this virus mixture. All 
the viruses were maintained on Bansei and Hood soybeans. Cyamopsis tetra-
gonoloba L., Dolichos lablab L., and Phaseolus vulgaris L. "Kentucky Wonder 
Wax Pole" bean were used as local lesion assay hosts. The seeds were grown 
in steamed soil in 4-inch clay pots in the greenhouse. Plants were kept 
under continuous light (600-1,000 ft-c) from clear, incandescent bulbs. A 
leaf from an opposite pair of leaves on each plant was used for virus assay. 
Leaves opposite inoculated leaves were retained as noninoculated controls. 
Inoculation procedure Crude plant sap diluted 1:1 (w/v) with 0.01 
M phosphate buffer, pH 7.2 was used as inoculum for all inoculation experi­
ments except where a modification was necessary. Prior to inoculation of 
the plants, the leaves were dusted with 600 mesh Carborundum. Plants were 
inoculated by rubbing the leaves of 2- to 3-weçk old plants with the fore­
finger previously dipped in the inoculum. After inoculation, the plants 
were washed with water and maintained in the greenhouse (approximately 21®C). 
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Properties of the virus in plant sap Bansei plants were inoculated 
with isolates M, 0 and bean pod mottle virus to increase the virus for the 
study of the thermal inactivation, dilution end point, and longevity of the 
virus in vitro. Leaves of pleats with systemic infection for 4 weeks were 
macerated in pestle and mortar. The sap was expressed through cheese cloth 
pads and 1:10 and 1:100 dilutions were made for each isolate with 0.01 M 
phosphate buffer, pH 7.2. The diluted sap was divided into 3 parts: 1 for 
thermal inactivation point, 1 for dilution end point, and I for longevity 
of the virus in vitro. 
For thermal inactivation point studies, the diluted sap was placed in 
thin-walled test tubes (15 x 130 mm), and each test sample was heated for 10 
minutes to the following schedule: 55, 60, 65, 70, and 75® C. The heated 
sap was cooled immediately and inoculated manually on 12 plants each of 
Dolichos lablab and D. biflorus. After inoculation, the plants were main­
tained in the greenhouse. Local lesions were counted 7 days after. 
For dilution end point studies, 5 dilutions (1:100, 1:1,000, 1:5,000, 
1:10,000, and 1:100,000) were made for each virus isolate. The same inoc­
ulation procedure previously described was used. Local lesion counts were 
also made 7 days after the inoculation. 
For longevity of the virus in vitro studies, the diluted sap was kept 
at room temperature and every day for 12 days, isolates K and 0 were inoc­
ulated separately on local lesion hosts. The bean pod mottle virus was 
also inoculated daily up to the 35th day. The same assay plants were used 
and local lesion counts again were made. 
Microscopy Plants with systemic infection for 2-4 weeks were used. 
Epidermal strips from these artificially and naturally infected soybeans 
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were made to study inclusion bodies. The strips were stained either with 
methylene blue or giemsa stains without previous fixation, mounted in water 
and observed with a light microscope. 
For observations of infected leaf cells made with the electron micro­
scope, leaves of Hood soybeans with systemic symptoms of soybean mosaic 
virus, were cut to small sections and immediately fixed in a solution of 2 
per cent glutaraldehyde in 0.05 M phosphate buffer, pH 7.3. The fixed 
tissue was stored overnight at 4°C. It was then thoroughly rinsed with 
phosphate buffer and post-fixed for 1 hour in 1 per cent solution of osmium 
tetraoxide in phosphate buffer. The tissue was dehydrated by passing 
through an ethanol series, absolute ethanol, and a propylene oxide series. 
The tissue was infiltrated in Epon 812 as described by Luft (19). The Epon 
was hardened according to the following schedule: 1 day at 37*Ç, 1 day at 
45~C, and 3 days at 60*C. Sections, 60 aji thick, were cut with a diamond 
knife in a LKB-Ultratoae. The sections were picked up with formvar-coated 
grids, stained for 10 minutes in methalonic uranyl acetate as described by 
Stempak (31) and examined in an RCA EMU-3F microscope. 
Virus concentration on inoculated soybeans Soybean mosaic virus 
titer was determined by use of Dolichos lablab and D. biflorus. local 
lesion hosts. Bansei plants were inoculated at the unifoliolate stage and 
assayed after 48 hours, 4, 7, 14, 21, 28, 35, and 42 days after inoculation. 
The sap was obtained by grinding the infected leaves in a mortar with a 
pestle and expressing the sap through cheese cloth pads. Dilution of 1:100 
was made with 0.01 M phosphate buffer, pH 7.2, and inoculation was similar 
as in previous experiments. The plants were maintained in the greenhouse. 
Local lesions were counted after 10 days from inoculation. 
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Purification IsolaCe % was purified according to a modified 
chloroform-butanol procedure described by Steere (30). Hood soybean leaves 
that had shown systemic symptoms of soybean mosaic virus for 25 days were 
placed in a deep freeze for 3 days. The leaves were then thawed and macer­
ated in a Waring blender in 2 al of cold, 0.01 H phosphate buffer, pH 7,2, 
per gram of tissue. The crude sap was expressed through cheese cloth pads. 
The. succeeding steps were conducted in the cold room (4®C). One volume of 
butanol and 1 volume of chloroform were mixed with 2 volumes of crude sap 
and stirred briskly for 1 hour. The mixture was centrifuged at 1,200 g for 
5 minutes. The supernatant was pooled and clarificu by centrifuging for 
another 20 minutes at 5,500 g. The supernatant was centrifuged in a Spinco 
L model ultracentrifuge for 2 hours at 105,000 g. The pellet was saved and 
resuspended in 40 ml of 0.5 M borate buffer, pH 7.0. The suspension was 
given another low speed centrifugation for 20 minutes at 5,500 g. Three 
more cycles of differential centrifugation were used to further purify the 
virus. The final pellet was resuspended in distilled water. 
Preparation of antisera Antisera were prepared by injecting 3 rab­
bits previously bled for normal serum with purified virus of M and NC iso­
lates. Isolate K was injected into 2 rabbits and isolate NC was injected 
into 1 rabbit. Three intravenous injections of 1 mg of each purified virus 
were given to each rabbit at 3-day intervals. These intravenous injections 
were followed by 1 intramuscular injection of 1 ml of purified virus emul­
sified with 1 ml Difco incomplete Freund adjuvant 1 week after the last 
intravenous injections. The titer of antisera was determined 2 weeks after 
the intramuscular injection. Then another purified virus injection was 
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given subcutaneously. The rabbits were bled 2 weeks after the last injec­
tion. and the sera were then clarified and refrigerated. 
Serological technique The microprecipitin test in plates (32) was 
used. The test consisted of two-fold dilutions of serum and antigen with 
saline. The reactants were covered with mineral oil and stored at 37*C 
for 2 hours and then incubated in a refrigerator for 3 days. The plates 
were examined 30 minutes, 1 hour, and 4 hours after incubation. Saline 
controls were also used. 
Effect of soybean mosaic virus on yield of soybean seed The effect 
of soybean mosaic virus on soybean yield vas determined in a two-year study 
conducted at the Curtiss Farm, Iowa State University, During the 1966 
planting season, a randomized complete block design with 4 replications was 
used. Twelve soybean varieties maturing at different periods, and 2 virus 
isolates (M and NC) and a noninoculated control were used. The seeds were 
planted in 12-foot rows, 40 inches apart and thinned to 6 plants per foot 
prior to inoculation, I used 5-row plots with the 2 outer rows for borders. 
The plants were inoculated in the same way as greenhouse-grown plants. The 
rugosity ratings used were as follows: 0 = no mottling; 1 = one-fourth of 
total leaves mottled; 2 = one-half of total leaves mottled; 3 = three-
fourths of total leaves mottled; and 4 = all leaves completely mottled. 
The rugosity ratings were taken after appearance of systemic symptoms on 
the youngest leaves. Subsequent rugosity ratings were taken every week un­
til the plants matured. The rows were trimmed to 10 feet and yield data 
was obtained from the harvest for each treatment. 
In 1967, another 4-replicate experiment was set up at the Curtiss Farm 
using 1 variety (Harly), 3 virus isolates (M, NC, soybean mosaic virus and 
bean pod mottle virus), and a noninoculated control. The plants were inoc­
ulated at 7-day intervals starting on the unifoliolate leaves, the second 
inoculation was made on the first trifoliolate leaves, the third inocula­
tion on the second trifoliolate leaves, and the fourth Inoculation on the 
third trifoliolate leaves. Rugosity ratings were also taken as in the 1966 
field experiment. The yield was also obtained from 10-foot rows for each 
treatment. 
Seed transmission of soybean mosaic virus In this study soybean 
mosaic virus transmission through the seed was determined from bulk seeds 
harvested froa the 1966 and 1967 soybean crops. For the 1966 seed crop, 
250 seeds of each variety per virus isolate were sown in sand bench in the 
greenhouse. Five replications were used. The plants were grown until the 
third trifoliolate leaves unrolled and then assayed for local lesion hosts. 
Seeds of the 1967 soybean crop were grown in sterile soil in 4-inch 
clay pots with 5 seeds per pot. Four hundred seeds per treatment were 
used. The plants were grown to the third trifoliolate leaves and then 
assayed in the same way as in the 1966 experiment. 
Effect of soybean mosaic virus on germination of seeds To determine 
the effect of soybean mosaic virus on the germination of seeds of plants in­
fected in the field, 2 groups of seeds from the 1966 and 1967 seed crops 
were sown in the sand bench in the greenhouse. Four hundred seeds of each 
variety for the 1966 and 500 seeds for the 1967 seed crops were used. 
Counts of germinated plants were taken when all the first trifoliolate 
leaves were fully unrolled. 
Assay of field soybeans and suspected weed hosts To determine 
whether soybean mosaic virus was responsible for rugosity of leaves of field 
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soybeans and the mottling of leaves of weeds around the soybean planes, 
suspected plants were collected for assay. Assay materials were collected 
from the Uniform Trials field of Drs. J. M, Dunleavy and C. R. Weber. Lo­
cal lesion assay and serological reactions with specific soybean mosaic 
virus antisera were used. The tests were conducted during 1966 and 1967 
planting seasons. Leaves collected were first placed in a deep freeze over­
night and thawed early next morning before they were macerated in a mortar 
and pestle. The sap was expressed in the same way as in the other experi­
ments and diluted 1:1 (w/v) in 0.01 M phosphate buffer, pH 7.2. The diluted, 
sap vas partially purified with the sesst purification method used for sap 
for electron microscopy. A portion of sap from each plant assayed was inoc­
ulated to leaves of Dolichos biflorus. 
Another portion was used for microprecipitin reaction. Both antisera 
(M and NC) were diluted 1:4 and 1:16. The places were incubated at 37° C 
for 2 hours and then transferred to the refrigerator overnight. The plates 
were examined after 30 minutes and 1 hour. 
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RESULTS 
Virus transmission and disease symptoms Ail the virus isolates 
were mechanically transmissible to soybeans. The first symptom on Bansei 
soybeans at the greenhouse was a yellowish vein-clearing on the developing 
trifoliolate leaves. This symptom was transitory and appeared from 6 to 11 
days after inoculation. Rugose symptoms (Fig. 1) usually appeared on the 
third trifoliclste ledvea and Increased in severity on successive leaves. 
Leaf margins frequently were curved downward at the sides and upward at the 
tips (Fig. 2). Leaves became coarse, leathery, and somewhat brittle just 
before maturity. Diseased plants were stunted and set fewer pods than 
healthy plants. Some infected plants produced seeds mottled with pigment. 
These synq>toms produced by the M isolate on Bansei were typical for the NC 
isolate for this particular soybean variety. 
In the field soybeans (Harly) produced flushes of severe soybean mo­
saic virus symptoms, interspersed with a recovery period. The initial mo­
saic symptom produced by the M isolate was milder than that produced by the 
NC isolate (Fig. 3). More mottling was observed during the cool weather. 
Under warm conditions symptoms were frequently masked. Local lesion assay 
of partially purified sap from infected plants (for both virus isolates M 
and NC) showed that increase virus titer coincided with the first flush of 
mosaic symptoms and decreased during subeaquent hot spells. The second 
flush of symptoms again produced a higher titer that was usually higher than 
that of the first flush. Near the end of the growing season, infected 
plants were stunted and produced fewer pods. 
Fig. 1. Leaves of Glycine max var. Banssi with rugose symptoms due to the 
Mississippi (M) isolate of soybean mosaic virus 

Fig. 2. A leaflet of Glycine max var, Bansei with leaf luargins curved do'-ti-
ward at the sides and upward at the tip 

Pig. 3. A comparison of symptoms produced by Mississippi (H) isolate aad 
North Carolina (NC) isolate of soybean mosaic virus on Glycine max 
var. Early under field conditions. Plants on top were inoculated 
with M isolate (A) and plants at the bottom were inoculated with 
NC isolate of soybean mosaic virus (B) 
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The gympcoms of inoculated plants in the growth chamber (21® C) were 
entirely different. A faint chlorosis started on the first trifoliate 
leaves of Hood soybeans and increased in intensity after 25 days. The num­
ber of lesions produced on local lesion hosts were related to the intensity 
of symptoms and decreased as the infected plant matured, Interveinal 
reddish-browning on both leaf surfaces, extending from margin inward, was 
observed in some Hood plants infected with the M and KC isolates. Milder 
mosaic symptoms, in general, were produced by the M isolate on the other 
soybean varieties. Increased leaf number as well as delayed flowering was 
observed in most soybean mosaic virus-infected soybean varieties. 
The host range of the virus isolates was determined by inoculating 
22 plant species (Tables 1 and 2). The symptoms produced by the M, NC, and 
0 isolates were essentially similar on the plant species that were infected. 
Phaseolus vulgaris L. "Kentucky Wonder Wax Pole" bean, Dolichos lablab L., 
D. biflorus L., Cyamopsis tetragonoloba L. (guar), and Chenopodium quinoa 
Willd. were excellent local lesion hosts for all isolates (Fig. 4). 
No cross protection among the M, NC and 0 isolates was observed. 
However, when any of the soybean mosaic virus isolates was first inoculated 
to soybeans and challenged after 6 days with the bean pod mottle virus, a 
shock symptom was observed (Fig. 5). If a mixture of bean pod mottle virus 
and any of the soybean mosaic virus isolates were inoculated at the same 
time, no shock symptom was produced, but a more severe mottling developed 
(Fig. 6). In some varieties like Lindarin, Mande1, and Wayne, 10-15 per 
cent of the plants developed progressive necrosis on leaves which ultimately 
reached the growing point. In addition to necrosis, the leaves were 
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Table I. Host range and sycptozc of 
North Carolina (NC), and a 
and bean pod mottle virus 
soybean virus isolates Mississippi (M) 
mixture of soybean mosaic virus (SMV) 
(BPMV) 
Plant species 
M 
Virus 
NC 
isolates 
SMV BPMV 
I. Chenopodium quinoa Willd. LL^ LL LL b 
2^ Cvaraopsis tetragonoloba L. LL LL LL 
— 
3. Dolichos lablab L. LL LL LL 
— 
4. Glycine max (L.) Merr. SM^ SM SM 
— 
5. Phaseolus vulgaris L. Vûr. 
Kentucky Wonder Wax Pole beans LL LL LL — 
6. Phaseolus vulgaris L. var. 
Scotia beans LL LL LL 
7. Phaseolus vulgaris L. var. 
Keeney Refugee beans LL LL LL SM 
S. Vigna sinensis var. California 
blackeye 
— — 
— 
SM 
^LL = local lesion. 
^— = negative-
^SM = systemic mosaic. 
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Tabic 2. List of plants inoculated with virus isolates Mississippi (M), 
North Carolina (KC), and a mixture of soybean mosaic virus (SMV) 
and bean pod mottle virus (BPMV) but were not infected 
Plant species 
1. Beta vulgaris L. 
2. Chenopodiua amaranticolor 
Coste & Reyn. 
3. Cucumis sativus L. 
4. Datura stromonium L. 
5. Goraphrena globosa L. 
6. Lycopersicum esculentum Mill. 
7. Petunia hybrids Vilm. 
8. Kicotlana rjutinosa L. 
9. j-Jicoticr.a tcbccur. var. VJhite Burley 
10. Micotiana tabacuc var. Ssmsun NK 
11. Phaseolus vulgaris L. var. Bountiful 
12. Phaseolus vulgaris L. var. Red Hêxicàa 
13. Phaseolus vulgaris L. var. Stringless Burpee 
14. Vicea faba L. 
Fig. 4. Leaves of Phaseolus vulgaris var. Kêttcueky Woiidcr U'sx Pole bean 
(A), Dolichos lablab (B), D. biflorus (C), and Chenopodium quinoa 
(D) 

Shock synptoms exhibited by Bansei soybeans inoculated with soy­
bean mosaic virus first and challenged 6 days after with bean pod 
mottle virus 
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Fig. 6. Severe motcLiag of Harly soybeans after 3 weeks from inoculation 
with a mixture of 0 strain of soybean mosaic virus and bean pod 
mottle virus 
28 
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deformed, occasionally producing shoestring symptoms (Pig. 7). In other 
varieties, the infected plants were severely dwarfed, mottled, distorted, 
and had many small necrotic spots. 
The leaf symptoms produced by the bean pod mottle virus on soybeans 
(Fig. S) was a generally mild mosaic except when flushes occurred during 
cool wcaLucf. Convoarad with the M, NC, end 0 isolates, bean pod mottle 
virus syniptOîT.c were cor.bidcrc;d mild. ôCâû pocl mcccic viruc wcc 
in California blackeye cowpaas and produced diffused local lesions on 
Phaseolus vulgaris L. var. Keeny Refugee. 
Properties of the virus in plant sap In four separate tests of the 
physical properties of isolates M and 0, these viruses were inactivated 
after heating for 10 minutes at 70®C. Both had a dilution end point of 
1:10,000 and a longevity of the virus in the sap in vitro for 7 days at 
room temperature (2i®C)- The bean pod mottle virus had a thermal inactiva-
tion of 75*C, a dilution end point of 1:100,000, and a longevity of the 
virus in vitro of 32 days at room temperature. 
Virus concentration on inoculated soybeans The virus titer in in­
fected soybean plants in the greenhouse was associated with intense mosaic 
symptoms (Fig. 9), 
Sap of plants that had been inoculated 7 days produced an average of 
20 local lesions per plant. The number of local lesions increased to 130 
lesions per plant when sap of plants that had been inoculated for 14 days 
were used, ^-aximum local lesion production was reached when sap of plants 
that had been inoculated for 25 days were used and remain high up to the 
28th day. The number of local lesions dropped to 230 lesions per plant 
Fig. 7. Shoestring symptoms produced on soybean varieties Lindarin above 
and Mandel below following inoculation with a mixture of soybean 
mosaic virus and bean pod mottle virus 

Fig. 8. Diffuse mottling produced by bean pod mottle virus (BFIIV) on 
Glycine max var. Bansei 4 weeks after inoculation under greenhouse 
conditions 

Fig. 9. Virus titer of Mississippi (K) strain of soybean mosaic virus in 
Bansei soybean plants at weekly intervals of inoculation 
35 
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vhcn sap of plants Chat had been inoculated for 32 days was used. The 
number of local lesions decreased and leveled out to 120 lesions per plant 
when sap of plants that had been inoculated for 46 days were used. At this 
time the infected plant leaves bocaae puckered and sometimes yellowed. 
Microscopy Intracellular inclusion bodies (Fig. 10) were observed 
in the epidermal cells of both naturally and artificially infected soybean 
leaves vith the: li^ht sicrosoopo. Çcncrally. 1 inclusion body per cell 
was observed, although 2 or more inclusions per cell were sometimes found. 
The inclusions were elliptical, not vacuolated and they stained denser than 
the nucleus of the host. The size ranged from 10.0 x 4.8 to 13.8 x 3.01 yi. 
The bodies were not found in soybean mosaic virus infected soybeans leaves 
prior to 3 weeks after inoculation. 
Leaf cells of infected Hood soybean plants were characterized by large 
areas occupied by numerous vesicles (Fig. 11). Several types of inclusion 
bodies were observed in these areas. 
The most obvious inclusions were in the shape of pinwheels (Fig. 11). 
When observed in transverse section, these structures appear as very sym­
metric, curved arms or septa radiating from a central point. There were 
usually 6 to 8 septa per body. 
Membrane-bound inclusions with fairly densely stained central areas 
were also observed near pinwheels. Although the cores of some of these 
bodies suggest a reticulum, close examination revealed no organized struc­
ture that might be associated with the virus rods. Circular inclusions 
which also stained very densely nay be another aspect of the pinwheels. 
Vesicular areas and inclusion bodies were not observed in healthy leaf 
tissue. 
Fig. 10. Inclusion bodies in epidermal cells of soybean nosaic virus-
infected soybeans 21 days after the appearance of systemic symp 
tons. I = inclusion bodies, S = Stomata ca X 1800 
\ 
> 
Fig. 11. Sections of leaf cells froc soybean mosaic virus-infected Hood 
soybeans, X 28,000. A) Cell inclusion bodies in a vesicular area 
near the nucleus, 3) cell inclusion bodies in a vesicular area 
bounded by the nucleus, tonoplcst and a chloroplast. (Inset) A 
pinwheel inclusion bounded by the tonoplast. C = chloroplast, 
CI = circular inclusion, M = maabrane-bound inclusion, N = nucleus, 
P = pinwheel inclusion, T = tonoplast, V = vesicles 
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Purification The modified chlorofona-butanol procedure (30) proved 
(Fig. 12) satisfactory for obtaining pufifled virus with siinisua cell or­
ganelles remaining. The purified virus suspension was highly infectious 
and capable of producing 58 per cent more local lesions on the assay hosts 
than the ordinary sap homogenate. The virus particles were flexuous rods 
(Fi2. 13) with lengths ranging from 660-720 mp (200 particles measured). 
The bczs pod mottle virvs was also purified using the Same procedure 
as for the M isolate of soybean mosaic virus. The particles were spherical 
with a diameter of 30 (Fig. 14). 
Serology Isolates M, NC, 0 and bean pod mottle virus were cross-
reacted against M and NC antisera. Antlsera produced against M and NC 
isolates had a titer of 1:1,024 after cross absorption with their homolo­
gous and heterologous antigens. Isolates M and 0 had strong reactions with 
the M antiserum (Table 3), Indicating that the two viruses were serolog­
ically related. Similarly, the M and 0 virus Isolates had a strong reaction 
with the NC antiserum, also Indicating that these 2 viruses were related to 
the NC Isolate. The bean pod mottle virus Isolate, after cross absorption 
with the M and NC antisera, had no reaction to either the M or NC antisera. 
The relationship of rugosity of soybeans to soybean mosaic vixrus had 
been a perplexing problem. During the 1966 and 1967 planting seasons, soy­
bean plants with typical mosaic symptoms were assayed by the microprecipltin 
test (Table 4). The soybean varieties found to give positive reactions 
for soybean mosaic virus were; Adams, Adelphia, Bragg, Chief, Clark, Comet, 
Dare, Davis, Dorman, Hardee, Hill, Hood, Kanro, Lee, Llndarin, Mandarin 
(Ottawa), Mandarin 507, Midwest, PI-68708, Sac, Sennnes, Traverse, and Wayne. 
p<g 12. Flow diagram for soybean mosaic virus purification 
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Fig. 13A. Flexuous rods of soybean mosaic viras. Rods frca a dip prepara­
tion shadowed with uranium oxide 
Pig. 11, Sections of leaf cells from soybean mosaic virus-infected Hood 
soybeans, X 23,000. A) Cell inclusion bodies in a vcsicular area 
near the nucleus, j) cell inclusion bodies in a vesicular area 
bounded by the nucleus, tonoplast and a chloroplast. (Inset) A 
pinwheel inclusion bounded by the tonoplast. C = chloroplast, 
CI = circular inclusion, H = uuî.ubrane-bound inclusion, N = nucleus, 
P = pinwheel inclusion, T - tonoplast, V - vesicles 
# % 
o 

Sphcriccl parricles of bean pod mottle virus (EP^IV) from a par­
tially purified preparation of bean pod mottle virus from soy­
beans negatively stained with 2 per cent phosphotungstic acid 
solution (lower magnification) 
ïôôff 
Sphcriccl pzrCiclcs of bean pod mottle virus (BDIV) frca a pa 
tially purified preparation of bean pod mottle virus froa soy­
beans negatively stained with 2 per cent phosphotungstic acid 
solution (higher aagaification) 
91 
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Table 3. Serological cross-reactions of North Carolina (KC) isolate of soy­
bean mosaic virus (SZW), the virus isolated fron Hood soybean (M), 
the virus (0) obtained from the mixture of SMV and SKW, bean pod 
cottle virus (BPZcV) , and a mixture of 0 and SfzV 
Antigen used Antigen used in precipitin tests 
Antiscra- for absorption % iiC 0 0 4- BPI-IV 2PXV 
M KC ICA 1024 1024 64 1 
M 0 JV/ 256 — 
— 
M 
— 
2048 2048 2048 256 
— 
NC M 1024 1024 1024 64 
— 
NC 0 256 256 1024 
— — 
NC 2048 2048 2048 256 
- Mississippi isolate from Hood soybeans, 
KC - North Carolina isolate of SMV. 
"Ko visible precipitate was observed with light microscope. 
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Table 4. Serological relationships of North Carolina (NC) isolate of soy­
bean mosaic virus (SI<V) and the virus isolated froa Hood (M) 
with strains of SMV causing the mosaic of field soybeans 
Antigen Antisera 
NC K Saline 
1. Ada~.s 4- -i- b 
Adeiphia T T —— 
3. Bragg + + 
4. Chief T-f — 
5. Clark + 
6. Conet +++ +++ — 
7. Dare T + 
8. Davis + + 
5. Dorcan -i-r -f-f 
10. Grant 4-H- +++ 
11. Hardee + — 
12. Hill •f+ 44-
13. Kood + 4-
14. Kanro -H- 44-
15. Lee 4- 1 ' ' 
16. Lindarin 444-
17. Mandarin 507 -HH- 444-
IS. Mandarin (Ottawa) i ! I 
19. Midtœst ++ 44-
20. PI-Ô3708 + -H4-
21. Sac -H- 444-
22. Sermos + 4-
23. Traverse -rH- 444-
24. Wayne + 4-
^ = faint precipitate, 
++ = moderate precipitate, 
-H-f = heavy precipitate. 
^— = negative 
Fig. 13B. Rods froni a partially purified prepuicttion ci. Gcybcar. mosaic vi­
rus negatively stained with 2 per cent phosphouungstic acid 
solution 
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Five weed hosts, Amaranthus sp., Physalis longifolia Nutt., P. 
virsiaisna Mill., Sctarla sp., and Solaaug carollnense were assayed in 
the saxne way as the soybean varieties. A moderate reaction was observed 
with the sap of all of these weed hosts, indicating that the mottling was 
caused by a virus related to soybean mosaic virus (Table 5). 
Effect of soybean mosaic virus strains alone and in combination with 
bean pod mottle yixys on yield of soybean seed Preliminary test in 1966 
demonstrated that soybean varieties Infected with soybean mosaic virus iso­
lates NC and M manifested foliage mottling, distortion, and necrosis of the 
leaves. Yields of some of the 12 soybean varieties inoculated in 1966 were 
significantly lower than the yields of the noninoculated controls (Table 6). 
Harly plants inoculated with the H isolate yielded 2 per cent less than 
healthy plants. Harly plants infected with the NC isolate yielded 4 per 
cent less than healthy plants. The M isolate caused a 4.43 per cent yield 
reduction on Pridesoy. All inoculated varieties except Ford, Grant, and 
Norchief had lower yields than the noninoculated controls. 
Experiments in 1967 compared the effects of inoculations at different 
dates of the NC, M isolates, and the mixture of the Isolate 0 and bean pod 
mottle virus on yield, mottling, and size of seeds. For the 1967 seed crop, 
the yield of Harly Inoculated with the mixture of 0 and bean pod mottle vi­
rus was significantly lower than the reductions caused by the yield of 
plants inoculated with the M and NC isolates (Table 7). Synergistic yield 
reduction (50 per cent) was produced by the mixture of the 0 and bean pod 
mottle virus isolates, but not the yield reduction of Harly Infected with 
the M and NC Isolates (6 and 8 per cent respectively). 
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Table 6. Mean 
lite 
yield of twelve soyba 
s of soybean cosaic vi 
an varieties inoculated 
rus, Aass, Iowa, 1966^ 
with two iso-
Msan vield 
Variety Isolates 
K. Carolina Mississippi 
(Hood) 
Control 
(bu/A) (bu/A) (bu/A) 
À à cas o 44. ? 42.0 
Bansei 25.5 24.0 26.6 
Chippewa 37.0 44.ob 33.7 
Ford 49.5 44.9 45.2 
Harly 34.6 36.2 37.5 
Korchief 28.9 31.5 32.0 
Acc3 19.2 19.2 20.5 
Flambeau 25.9 27.4 28.8 
Grant 32.2 29.2 29.3 
Goldsoy 33.6^ 36.4 40.0 
Sac 27.6 21.9 26.6 
Pridesoy 31.9 29.6b 35.6 
Mean yield 
of isolates 32.6 32.1 33.1 
A^ll data are caans of four replications, 
^Significantly different froa control of 5 per cent level. LSD = 4.78, 
C.V. = 10.4 per cent. 
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Table 7. Mean yield of Karly 
three virus isolates 
soybeans 
; - Aces, 
vhen inocul 
Iowa, 1967 
ated on four dates with 
"s vield^  
Isolates^ Date of i noculatio n 
Ô/3 6/10 6/17 6/25 
Mean of all 
datesC 
Mean 
loss 
bu/A bu/A bu/A bu/A c/ 
KC 44.6 41.5 61.2 43.2 42.6** 3.2 
M 45.2 43.5 41.8 43.6 43.5** 6.3 
0 & 5PKV 25.5 21.7 24.3 22.3 23.4** 49.6 
Control^  43.5 47.5 43.1 46.5 46.4 
Mean 41.0 38.5 37.6 38.9 
A^ll data are ceans of four replications. 
= North Carolina isolate of soybean mosaic virus, 
K = Mississippi isolate from Hooc soybeans, 
0 = Soybean cosaic virus obtained from a mixture of bean pod mottle 
virus (BFI'iV) 
5PKV = Bean pod cattle virus obtained from the mixture with 0. 
S^ignificantly different from control at 1% level; LSD at 1% = 2.1, 
CV. = 4.9%. 
N^oninoculated. 
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More seed mottling occurred in Harly when inoculated with the 0 and 
bean pod mottle virus combination than with the K and NC isolates alone. 
The same trend in seed mottlery as observed in Harly was observed in 12 
other soybean varieties. All soybean mosaic virus inoculations increased 
mottling. 
Seeds from Harly plants inoculated with 0 and bean pod mottle virus 
combination were smaller than seeds from plants inoculated with separate 
viruses. 
Effect of bean pod mottle virus on seed transmission of soybean mosaic 
virus From the 1966 seed crop (Table 8), the percentage of soybean 
mosaic virus transmission of M and NC isolates ranged from 5-15 per cent 
and 6-15 per cent, respectively. In the 1967 seed crop, the transmission 
of M, NC, and 0 was determined by planting 400 seeds harvested from each 
treatment including the control (Table 9). From the doubly-infected Harly 
seeds, transmission of the 0 isolate was 22 per cent. Transmission of the 
M and NC isolates was 16.8 and 18.2 per cent, respectively. No virus trans­
mission occurred in seeds of control plants. 
Effect of soybean mosaic virus on the germination of seeds of infected 
soybean plants In 1966 and 1967, tests were conducted on bulk seeds 
(Table 10) harvested from inoculated plants in the field to determine 
whether poor germination was associated with the presence of soybean mosaic 
virus in the seeds. Seeds were sown in a sand bench in the greenhouse and 
the percentage of germination for the 1966 seed crop ranged from 97 to 99 
per cent for both virus treatments and 100 per cent for the noninoculated 
control. For the 1967 seed crop, a significant decrease in the germination 
percentage of seeds from plants inoculated with the mixture of 0 and bean 
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Table 8. Comparison of mottling rating and per cent of seed transmission 
of North Carolina (NC) Isolate of SMV to a virus Isolate from 
Heed (M) soybcaan. 1966* 
Degree of Plants infected and per cent 
Variety mottling on virus transmission^ 
seed coat* H isolate NC isolate 
NO. % So. % 
1. Acme L IS 7.2 22 8.8 
2. Adaas L 21 8.5 29 11.6 
3. Bansel M 31 12.4 33 13.2 
4. Chippewa L 20 7.99 23 8.4 
5. Flambeau L 18 7.2 17 6.8 
6. Ford L 22 8.0 21 8.4 
7. Goldsoy L 23 8.4 27 10.8 
8. Grant H 33 13.2 38 15.2 
9. Harly L 37 14.79 35 14.0 
10. Norchlef L 15 6.0 18 7.2 
11. Pridesoy L 29 11.99 32 12.8 
12. Sac M 31 12.4 37 14.8 
®Seed harvested in field, 1966. 
^Based on 5 replications, 250 plants. 
^ - light mottling, M • moderate mottling. 
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Table 9. Comparison of mottling rating and per cent seed transmission of 
North Carolina (NC) siolate of soybean mosaic virus (SMV) to a 
virus isolate from Hood (H) soybeans, 1967 crop* 
Isolates^ 
Degree of 
mottling^ 
Plants 
infected 
Per cent 
transmission 
M L 67 16.8 
NC L 73 18.2 
0 & BPMV M 88 22.0 
Check N 0 0 
*Based on 4 replications on variety Harly. 
^ = Mississippi (M) isolate from Hood soybeans, 
NC = North Carolina (NC) isolate of soybean mosaic virus, 
0 &-BPMV = A mixture of soybean mosaic virus (SMV) identified as 
strain 0 and bean pod mottle virus- (BFMV) from Ottumwa, Iowa, 
Check " noninoculated control. 
^N = no mottling, 
L = light, 
M " moderate. 
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Table 10. PcrccaCago of gcrzizcZior of soybean seeds from fic-Id-grc«-n planes 
inoculated separately wich two virus isolates, 1966* 
Virus Seeds Per cent 
Variety isolates^  germinated gcrnination 
No. % 
Acme 394 96 .5  
NC 393 SS.2 
c ^GO IGO.  0  
Adar.5 395 93 .7  
KC 397 99.2 
C 399 55.7 
Bansei 392 93.0 
i.C 329 97 .2  
G 400 100.0 
Chippewa % 394 93.5 
I':G 396 99.0 
C 400 ICO.O 
Flambeau H 399 99 .7  
39 S 59.5 
c  4G0 ICO.O 
Ford 397 99.2 
I\C 393 99 .5  
c  400 100.0 
Golcsoy i'i 396 99.0 
r:c 395 98.7 
C 399 99.7 
Grant V 397 99.2 
NC 395 98 .7  
C 400 100,0 
Harly 396 99 .0  
NC 398 99 .5  
C 400 100.0 
Norchief & i 397 99.2 
NC 399 99.7 
C 400 100.0 
B^ased on 100 seeds/rcolication. 
1^1 = Mississippi CO isolate froa Hood soybeans, 
NC = North Carolina (i:c) isolate from Raleigh, North Carolina, 
C = Control, noninoculated. 
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Table 10(Concinucd) 
Variety 
Virus 
isolaî gcrainatcd 
Per ccnc 
zzrzinction 
}:o. 
Pricesoy M 599 9 9 . 7  
I\C 3S9 9 9 . 7  
c  400 100.0 
See M 400 100.0 
KC 398 so .5  
C 400 100.5 
pod ur.otcle (Tabic 11) virus was observed, but no decrease was observed 
with those inoculated with either the K or MC isolates. 
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Tabic li. Percentcse of gemination of liarly seeds froc field-grown plants 
iuoculatcd separately with three virus isolates, 1967" 
Virus Seeds Per cent 
isolates^  germinated gemination 
Ko. % 
M 433 9Ô.Ô 
NC 481 96.2 
0 oc BZC-iV 472 94.4 
Check 496 99.2 
*Sasad on 500 sacds; 5 replications. 
= Mississippi (%) isolate from Eood soybeans, 
XC = North Carolina (KG) isolate of soybean mosaic virus (SMV), 
0 & 3PIÎV - soybean r.osaic virus (S}IV) identified as strain 0 and bean 
pod Eoctle virus (Brl-rv) mixture collected near Ottunwa, Icwa. 
65 
DISCUSSION 
Results of both laboratory and field experiments indicate that the two 
virus isolates (M and 0) are two strains of soybean mosaic virus. The M 
strain produces milder sycptons than either the NC strain or the 0 strain. 
After exacining several soybean varieties infected separately by each 
strain, certain patterns emarged. The KG strain of soybean r.osaic virus 
produced much more severe s^rapto^zs on certain soybean varieties than the M 
strain under iccnticcl cr.viror.r.cn£aI conditions. The 0 strain, however, 
produced sy=pto=z similar to those produced by the NC strain of soybean 
nosaic virus on the sa=e soybean varieties. I interpreted this to indicate 
that the NC and 0 strains are more closely related to one another than to 
the M strain. 
Ross (27) separated two st.ains of soybeaa nosaic virus in North 
Carolina on the basis of severity of leaf sycptoas they produced on Lee and 
Hill soybeans. He indicated what soybean mosaic virus-1 strain produced 
core severe sycptoms than the soybean mosaic virus-2 strain. Using either 
one of these soybean mosaic virus strains with bean pod mottle virus and 
inoculating them simultaneously to Lee or Hill soybeans, he observed syner­
gistic symptoms which he was not able to see in single inoculations of soy­
bean mosaic virus strains, "tie concluded that the strain of soybean mosaic 
virus used with bean pod mottle virus would determine the degree of syner­
gistic action after inoculation. In my inoculation experiments both in 
the greenhouse and in the field, the combination of the 0 strain with 
bean pod mottle virus produced more severe symptoms than either the M and 
the NC isolates when they were used with bean pod mottle virus. 
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The biophysical characceriszics of the M and 0 isolates established 
thcK as strain» of soybean mosaic virus. This conclusion is based on the 
morphological similarity of tha particles of the M strain to known particles 
of soybean mosaic virus (10, 24, 28). 
Bawden and Kassanis (3) state chat all viruses found to have coamon 
antigens also share many properties, especially gross morphological charac­
teristics of the particles. 
There is, though, no doubt that different viruses differ greatly in 
the frequency with which they produce inclusions, in the type of inclusion 
they produce, and in the kind of tissue where they produce them (ibid.). 
Koshimizu and lizuka (17) while examining several soybean plants infected 
with soybean mosaic virus, found globular intracellular inclusion bodies 
associated with soybean mosaic virus infection. These authors suggested 
that the presence of inclusion bodies was a good criterion for soybean 
mosaic virus infection in young soybean plants. In this study, elliptical 
intracellular inclusion bodies were always associated with soybean mosaic 
virus-infected plants. 
Sdwardson (9) who examined plant materials infected with 1 of 7 vi­
ruses (tobacco ecth, poZato y, watermelon mosaic, bean yellow mosaic, com­
mon bean mosaic, lettuce mosaic, and sugarcane mosaic), found that all 7 
viruses produced what he termed pinwheel inclusions aopeared to be inter­
connected. He proposed that the presence of pinwheel and bundle inclusions 
in the cytoplasm was diagnostic for viruses of Brandes' potato virus y 
group (4). My observations also indicated that cytoplasmic inclusion 
bodies are common in soybean mosaic virus-infected plant cells. 
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Pinwheel inclusions were observed by Krass and Ford (IS) in com 
leavas with =ai=c dvarf virus and sujsrçanc mosaic virus. Very recently, 
Amott and Sxith (1) also found pinwheel inclusions associated with an un­
identified virus infecting wild sunflowers. All these viruses are flexuous 
rods similar to the soybean mosaic virus particles. 
The size of the soybean mosaic virus particles (685 mp) in this study 
agrees favorably with Galvcz' (10) soybean mosaic virus (6iù-725 tn^ ). The 
particles were shorter by about 50 compared with those reported by 
Quantz (24) (748 and Ross (23) (740-10 tPju). According to Brandes and 
Wetter (4) a discrepancy in the czasureaencs o£ the flexucus rod viruses 
cay result from the method of preparing the virus that was used by the in­
dividual investigators. Because of this limitation, the sane authors 
stated that serological relatedaess must be used in addition to particle 
morphology in the identification of flexuous rod viruses. 
Kassaais (13) suggested the term "serotype" for viruses that share a 
few of their antigens in contrast zo "strain" for viruses that have most of 
their antigens in common. The degree of serological differences between 
virus serotype and virus strain was expressed quantitatively by the dif­
ference between the titer of the sera when titrated against homologous and 
heterologous antigens. Absorption with serotype decreases the virus titer 
very little, whereas absorption with a virus strain removes almost all the 
antibodies. 
Results of serological tests with the NC antiserum also support the 
position that isolates M and 0 are strains of soybean mosaic virus. How­
ever, the 0 strain produced a titer similar to the NC strain with its 
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hoaologous ancigen. Hence, I consider the 0 and NC strains to be more 
closely related serologically than Che M strain which produce a lighter 
precipitate with the NC strain of soybean mosaic virus. 
The bean pod mottle virus was distinct from any of the soybean mosaic 
virus strains in symptoms, physical properties and particle morphology. 
Bean pod mottle virus was systemic in California cowpea whereas the soybean 
mosaic virus isolates produced no Infection of this plant. Furthermore, 
Che physical properties of been pod mottle virus were different from the 
soybean mosaic virus isolates. The bean pod mottle virus was mors stable 
in vitro and could tolerate a higher temperature. It had a dilution end 
point higher than all the-soybean mosaic virus strains. These symptoms 
and physical properties of bean pod mottle virus were similar with the 
characteristics of the pod mottle virus reported by Zaumeyer (35) and 
Bancroft (2). 
How this bean pod mottle virus got into soybeans in Iowa was not de­
termined. Walters (33) and Ross (25) reported the occurrence of bean pod 
mottle virus as a mixture with soybean mosaic virus and other viruses on 
field-grown soybeans in Arkansas, North Carolina, and Virginia. No evi­
dence of seed transmission of bean pod mottle virus in soybean seeds was 
observed in this study. It is probable that the bean pod mottle virus was 
transmitted by insects from other hosts to soybeans, since Walters (33) and 
Ross (25) reported that this virus could be transmitted by bean beetles to 
soybeans. 
The size of the spherical particles of bean pod mottle virus ( 30 aji) 
I obtained from purified virus preparations from soybeans were similar to 
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Che bean pod mottle virus reported by Bancroft (2) in Indiana. Whether 
this bean pod mottle virus is the same strain as the one observed in Indiana 
is difficult to say because I was unable to compare them under identical 
conditions. 
Earlier investigators reported considerably higher soybean yield 
reductions caused by soybean mosaic virus (11, 17), but not as high as the 
yield reductions caused by the tobacco riagspot virus in soybeans (7). 
However, their data were based either on yields from single, naturally-
infected plants growing in fields predominantly free of virus-infected 
plants (11), oa pairs of sischasicslly-inoculated plants surrounded by 
soybean mosaic virus-resistant plants (17). These exposed the plants to 
unfavorable competitive conditions. 
Yield data from my 1966 field experiment indicated that soybean mosaic 
virus reduced yield in some soybean varieties. This indication had been 
substantiated in my 1967 field experiment when the combination of the 0 
strain with bean pod mottle virus caused greater reductions in seed size 
than did the M and NC strains. 
The percentage of seeds transmitting soybean mosaic virus was higher 
in seeds of plants inoculated with the mixture of the 0 strain and bean pod 
mottle virus than the percentage of soybean mosaic virus seed transmission 
of the M and NC strains. The high virus titer of soybean mosaic virus in 
the 0 strain of the mixture was the probable reason for the higher seed 
transmission. 
There is no correlation between the amount of seed mottling and the 
percentage of seed transmission of soybean mosaic virus (17). However, 
Ross (29) observed more than twice the amount of soybean mosaic viirus seed 
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transalssior. in nioctled seeds than in nonzotried seeds. This association 
of virus and zottling was also observed by Kennedy and Cooper (16) in 
Minnesota. In this study, the percencage of soybean laosaic virus seed 
transmission associated with mottled seeds of fiarly soybeans was higher 
than the nonmoCtled seeds. 
The low and high percentages of variation in seed transmission of 
soybean mosaic virus in some soybean varieties, indicated that the extent 
of soybean mosaic virus seed cransmiuuioA cannot be predicted without prior 
knowledge of varietal response to the virus. The same observations have 
been reported by other workers (17, 29). 
My data on inoculation experiments both in the greenhouse and field, 
indicated that early infection with soybean mosaic virus singly or in com­
bination with bean pod mottle virus could reduce yield. 
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SU:€iARY 
Thé Mississippi (M) virus isolcte from Hood soybeans was identified 
as mild strain of soybean mosaic virus. 
The 0 isolate obtained from a mixture with bean pod mottle virus was 
also identified as a strain of soybean mosaic virus related to the 
North Carolina isolate of soybean mosaic from North Carolina. 
Virus titer in inoculatcd soybean plants is related to the intensity 
of synptoms produced unccr certain environmental conditions. This was 
true for both greenhouse and field conditions. 
Intracellular and cytoplasmic inclusion bodies were found in cells of 
soybean plants infected naturally and artificially with soybean mosaic 
virus. 
The bean pod mottle virus had similar morphological and physical prop­
erties to chose previously reported by Bancroft and Zaamsyer for bean 
pod mottle. 
The range of soybean mosaic virus transmitted through seeds from me­
chanically inoculated plants of twelve soybean varieties ranged from 
12-22 per cent. No evidence was observed for bean pod mottle virus 
seed transmission. 
Seed mottling and soybean mosaic virus seed transmission are correlated. 
Single and/or double infection with soybean mosaic virus and bean pod 
mottle virus caused lower seed yields. 
Some soybean varieties as well as a few weed hosts carried strains of 
soybean mosaic virus as demonstrated by serological and local lesion 
assay. 
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